Background: Clinical indicators assess healthcare structures, processes, and outcomes. While used widely, the exact number and level of scientific evidence of these indicators remains unclear. The aim of this study was to evaluate the number, type, and evidence base of clinical process and structure indicators currently available for quality and safety measurement in perioperative care. Methods: We performed a systematic review searching Medline, Embase, Cumulative Index to Nursing and Allied Health Literature (CINAHL), Cochrane, Google Scholar, and System for Information in Grey Literature in Europe databases for English language human studies in adults (age >18) published in the past 10 years (January 2005eJanuary 2016). We also included professional and governmental body publications and guidelines describing the development, validation, and use of structure and process indicators in perioperative care. Results: We identified 43 860 journal articles and 43 relevant indicator program publications. From these, we identified a total of 1282 clinical indicators, split into structure (36%, n¼463) and process indicators (64%, n¼819). The dimensions of quality most frequently addressed were effectiveness (38%, n¼475) and patient safety (29%, n¼363). The majority of indicators (53%, n¼675) did not have a level of evidence ascribed in their literature. Patient-centred metrics accounted for the fewest published clinical indicators.
Conclusions: Despite widespread use, the majority of clinical indicators are not based on a strong level of scientific evidence. There may be scope in setting standards for the development and validation process of clinical indicators. Most indicators focus on the effectiveness, safety, and efficiency of care. PROSPERO database: CRD4201501277.
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Editor's key points
This systematic review investigates and summarizes process and structure clinical indicators currently available for quality and safety measurement in perioperative care. Despite widespread use, the majority of indicators are not supported by a high grade of scientific evidence. Most indicators focus on the effectiveness, safety, and efficiency of care, with patient-centred metrics found less frequently in the literature.
Clinical indicators assess healthcare structures, processes, and outcomes, and can provide a quantitative basis for quality improvement. 4 Variation in practices, outcomes, and costs of care is substantial. 1, 2 Variability in postoperative outcomes may not be attributable to patient risk factors alone; some variation will be due to differing processes and structures of care within medical centres and some variation will simply be random or unattributable. 5 Indicators are typically classified into specific areas of care using the conceptual model of quality assessment developed by Donabedian. 6 Here, patients and antecedent conditions enter an organization's structure (how care is organized) to undergo processes of care (what is done), leading to healthcare outcomes (the achieved results). Process indicators examine all the steps and activities taken in implementing a treatment or care episode. Structure indicators assess the settings in which healthcare occurs. These include physical resources (such as facilities and equipment), human resources (such as number, qualifications, and availability of personnel), and the administrative structure. A previous systematic review 7 of the literature until 2005 described 108 anaesthetic quality and safety indicators. With many new initiatives and further developments since the study was published, we hypothesized that it was likely that new quality indicators will have been developed. With substantial parallel work in the outcomes domain 8, 9 already underway, we decided to limit our investigation to structure and process indicators. The aim of this systematic review was to investigate the process and structure clinical indicators currently available for quality and safety measurement in perioperative care, and their level of scientific evidence.
Methods

Definitions for the purposes of this review
Quality of care
The Institute of Medicine (IOM) defines healthcare quality as 'the degree to which health services for individuals and populations increase the likelihood of desired health outcomes and are consistent with current professional knowledge'. 10 It further subdivides healthcare quality into the six dimensions of: effectiveness, safety, patient-centredness, timeliness, efficiency, and equity.
guidelines. We searched Ovid Medline, Ovid Embase, and the Cochrane Database of Abstracts of Reviews of Effects (DARE) library for all articles relating to the development and use of structure and process clinical indicators in general perioperative care. We additionally searched grey literature databases: Google Scholar, 16 and the System for Information in Grey Literature in Europe. We also included professional, governmental, and quality standard initiative publications and guidelines (Table 1) . We limited the search to English language human studies in adults (age >18), published in the past 10 years (1 January, 2005e1 January, 2016). The detailed search strategy is presented in Appendix 1.
Data extraction
We screened titles and abstracts for relevance. We included national audit projects, clinical practice guidelines, literature reviews, surveys, service evaluations, and validation studies. Conference abstracts and letters were excluded. Indicators had to be generalizable to all surgical specialities, but their use may have been described for a specific surgical population. We excluded indicators relating only to intensive care, paediatrics, neurosurgery, cardiothoracics, and obstetrics. We searched the citations and the references (snow-balling) of the shortlisted publications for relevant literature. The final shortlisted publications are presented in Table 1 .
The full text of all shortlisted articles was reviewed and the data extracted using a data extraction form (Appendix 2). The indicators were tabulated and classified into structure or process indicators. We added the timing of use of the perioperative indicator defined as: preoperative (from the decision to operate to entry into the theatre suite), intraoperative (from entry into the theatre suite to leaving the recovery area), Continued postoperative (following transfer from the recovery area), or all (spanning the whole perioperative journey). We also included the indicator's name, country of origin, developer's definition, the type of article the indicator is identified from, the surgical subspecialty the indicator is based on, the level of evidence for its validity, and the quality domain measured. We reported ranges rather than individual scores of evidence in order to account for the heterogeneity of the literature on which indicators are based. The search and data extraction were performed by two authors (M.C. and D.G.). Differences in extracted data were discussed and consensus reached with a third author (S.R.M.).
Results
We identified 43 860 journal articles of which 98 articles met all the inclusion criteria. Fig. 1 provides a description of the selection process for the journal articles. The most common reason for excluding articles after full text review was the absence of a clinical indicator. The grey literature search further identified 43 relevant indicator programme publications, resulting in a total of 131 publications included in this review.
The included publications are presented in Table 1 . From these we identified a total of 1282 indicators. The majority of these indicators came from clinical practice guidelines (36%, n¼456), followed by service evaluations (13%, n¼166), validation studies (12%, n¼153), audits (11%, n¼142), systematic literature reviews (10%, n¼124), expert consensus (7%, n¼88), narrative reviews (7%, n¼86), surveys, (3%, n¼57), and case studies (1%, n¼10).
Most of the indicators were developed for general surgery (83%, n¼1064), followed by orthopaedic (6%, n¼82), upper gastrointestinal (6%, n¼73), urology (3%, n¼39), vascular (1%, n¼10), gynaecological (1%, n¼9), and breast surgery (n¼5).
The indicators were split into structure (36%, n¼463) and process measures (64%, n¼819). These were further subdivided into preoperative (27%, n¼342), intraoperative (29%, n¼373), postoperative (18%, n¼227), and all (26%, n¼339). The majority of indicators (53%, n¼675) did not have a level of evidence described in the shortlisted publication. These indicators were split into structure (48%, n¼325) and process indicators (52%, n¼350). The remaining 47% of indicators (n¼598) had a published evidence base, ranging from 1a (randomized controlled trials) to 5 (expert opinion based).
As some indicators were mentioned in several different publications, duplicated indicators were aggregated, resulting in a total of 261 indicators. The aggregated structure indicators (n¼112) are presented in Supplementary Table 1 and the aggregated process indicators (n¼149) are presented in Supplementary Table 2 .
The dimensions of quality measured by the aggregated indicators were: effectiveness (38%, n¼136) [split into structure (S) 21%, n¼35, process (P) 79%, n¼145], safety (29%, n¼104) (S 68%, n¼71, P 32%, n¼33), efficiency (26%, n¼64) (S 57%, n¼36, P 44%, n¼28), timeliness (14%, n¼30) (S 28%, n¼8, P 72%, n¼28), patient-centredness (4%, n¼13) (S 31%, n¼4, P 69%, n¼9), and equity (2%, n¼7) (S 100%, n¼7). Note that some indicators measured multiple quality domains.
Discussion
We have identified 261 clinical indicators relevant to structure and process measurement of perioperative care. The majority were process indicators (58%). About half of the structure indicators (51%) were relevant to the whole perioperative pathway. The process indicators were approximately evenly split between preoperative (32%), perioperative (28%), and postoperative (27%) care. The dimensions of quality most frequently addressed were effectiveness (38%) and patient safety (29%). Our most notable finding was that the majority of indicators (53%) did not have a level of evidence ascribed in their literature. This is the first systematic review of perioperative process and structure indicators that has been performed, allowing no direct comparison with previous work. A systematic review clarifying the number of indicators available solely for anaesthesia care was published in 2009. 7 This identified 108 anaesthetic clinical indicators, split between process (42%), outcome (57%), and structure (1%) indicators. Our review focusing on the whole perioperative pathway identified a higher proportion of structure indicators. The previous systematic review of anaesthesia-related indicators also identified that the majority (62%) of their prescriptive indicators had a low level (4e5) of evidence associated with their descriptions. Our review also shows that most perioperative indicators have no or a very low associated level of evidence beyond face validity. For the indicators with a published evidence base, the level of evidence varied between level 1a (randomized clinical trials) to 5 (expert opinion). 'Expert opinion' was itself a broad category ranging from a singular expert viewpoint to a more rigorous international Delphi process.
Clinical indicators should be based on the best available and most robust scientific evidence. 17 The strength of the evidence for an indicator will determine its scientific soundness and the likelihood that improvements in the clinical indicator will produce consistent and meaningful improvements in quality of care. 4 25 The aim of COMPAC is to develop a core outcome set for trials in perioperative medicine agreed by multiple stakeholders, including patients and carers. Our review shows that an increasing number of perioperative clinical and safety indicators are published year on year. The majority of the indicators we identified came from clinical practice guidelines followed by service evaluations, perhaps reflecting an increasing provider drive for accountability, benchmarking, and quality improvement. As such, there is a powerful imperative to ensure the indicators chosen are valid and relevant. 26 Quality indicators should comply with high quality standards and should be constructed in a careful and transparent manner. They should be relevant (relevant to the dimensions of quality), valid (based on the best available evidence 17 and have a strong correlation with the current quality of care and caregiver experience), 27 interpretable, 28 generalizable, 3 and feasible. It has previously been suggested that the clinical and academic communities produce a specific perioperative Quality Indicator Development Framework to funnel potential quality indicators from the latest research and quality improvement practices into a formal development or consensus programme. 29 This could then be followed by a rigorous evaluation of indicator implementation, to complete the loop back to the assessment of potential indicators. As healthcare is continually changing, even established well-developed indicators should be re-evaluated on a regular basis, possibly by regular audit of their use or establishing and reassessing links to important patient outcomes. The decision can then be made to 'retain, revise, replace, or retire' them. Our review shows the majority of the indicators have been developed in the USA. Indeed, the adoption of 'practice parameters' (standards and guidelines) by anaesthetists in the USA in the 1980s helped increase the safety of anaesthesia. The first sets of structure indicator standards for basic monitoring were developed by the Harvard hospitals, 33 and similar ones were later adopted by the American Society of Anaesthesiologists. 34 In recent years, there has been an upsurgence of value-based healthcare and payment policies which may drive the development of new quality metrics. These include the Centers for Medicare and Medicaid Services (CMS) new Quality Payment Program and Merit-based Incentive Payment System. Despite most indicators being developed in the USA, the UK has the most published indicators addressing the provision of specialist hospital services, for example, the provision of outof-hours endoscopy, elderly review, radiology, and other diagnostic services. This may reflect the National Health Service current model of care of disseminated services amongst hospitals within a region rather than centralisation.
We found that the most frequently cited structure indicators refer to the annual case volumes of provider hospitals and their availability of set perioperative management protocols. The majority of structure indicators span the whole perioperative pathway: hospitals either provide access to 24 h computerised tomography scanning or they do not. Healthcare can be assessed by monitoring the settings in which it takes place. 35 This evaluation assumes that given the proper environment, instruments, and staff, good medical care is achieved. 36 This approach offers the advantage of dealing with fairly stable and accessible information that can be reliably surveyed. 37 The major limitation is that the relationship between structures and patient outcomes may not be well established. In our review, 62% of structure indicators had no associated level of evidence compared with 47% of process indicators. Few perioperative structure indicators have been tested in prospective trials. This may be because systems and structural change is costly, and often requires large-scale investment. Changes in processes may be more feasible for the front-line clinician and researcher. Structural changes may include local or nationwide policy developments. However, writing a policy does not ensure it is widely implemented in practice. Qualitative research approaches may be useful tools for the evaluation of the impact of policy change.
26,38
Process indicators offer great promise as quality improvement tools as they often define targets that have to be reached. They reflect the care that clinicians are delivering day to day and can be incorporated into routine data collection. Clinicians feel accountable for them, rather than for outcome measures that may be affected by other variables. 39 However, they have to be used cautiously, even if links to causal outcomes have been demonstrated. A clinician may perform well in one process but not in another. If the indicators do not cover all the processes that can affect outcomes, they may be misleading. 39 Reviewing the most frequent aggregated process indicators of this review, we see that patients are recommended to have a well-documented preoperative assessment and consent process, with a risk of death estimated and communicated. Timely and appropriate antibiotics should be given to a warm patient, and in their recovery period they should be mobilized early with appropriate venothromboembolic prophylaxis. These are all straightforward and uncontroversial processes. The focus should be on performing these effective processes reliably and consistently. It has been reported that clinicians rarely deliver effective interventions more than 80% of the time. 40 Healthcare has turned to high reliability organizations (e.g. aviation) for guidance. 41 The use of checklists and other memory aids, and visible QI data analysis, such as run charts, could help prompt healthcare staff and even patients themselves to achieve important targets. Technological advances mean that compliance rates to quality indicators could be assisted and monitored, for example, with the Enhanced Recovery compliance mobile app.
42
Indicators can also help reduce levels of waste, benchmark current care, and support patient choice of providers. 17 However, defining the right indicators alone is insufficient to close the feedback loop required for quality improvement. Benn and colleagues 43 investigated the use of quality indicators in anaesthesia and how to feedback the data to improve care. They concluded that effective feedback from quality indicators is timely, continuous, and tailored to the recipient. The goal of measurement is to learn, understand, and improve, so the measurement system must fit within a system geared for continual improvement. 3 This could include an electronic health record system which continually monitors and analyses routinely collected patient data. This could have inbuilt mechanisms to facilitate personalized timely feedback for targeted local improvement.
Limitations
Established methods for the systematic retrieval, appraisal, and synthesis of the literature were used. However, we also searched the unpublished and grey literature, including information available from quality initiatives and accreditation bodies, to maximise the likelihood of identifying all relevant work. This may have enhanced the sensitivity of our search strategy but led to including information that has not been peer-reviewed. Only work published in English was included. This may have introduced language bias, and a number of clinical indicators may have been missed. It is possible that our search was not exhaustive despite using a comprehensive search strategy, but it is unlikely that we missed broad categories of important quality indicators.
Future work
This list of indicators should contribute to promote and support quality improvement initiatives in perioperative care. Gaps in evidence for the validity of indicators should be explored, by exploring causal relationships between the structures, processes, and outcomes of healthcare. There may be scope in setting standards for describing the level of evidence for quality indicators.
This may inform development of a specific perioperative Quality Indicator Development Framework to aid the expansion of feasible, reliable, and valid perioperative indicators. There is also a need for more patient-centred clinical indicators, and indicators ensuring the equity of delivered care.
Conclusions
Despite widespread use, the majority of indicators for measurement of quality and safety in perioperative care are not supported by a high grade of scientific evidence. The reporting of the evidence underpinning these indicators is also poor. Most indicators focus on the effectiveness, safety, and efficiency of care, with patient-centred metrics found less frequently in the literature. There may be scope for clinical and academic communities to develop a specific perioperative Quality Indicator Development Framework to funnel potential quality indicators from the latest research and quality improvement practices into a formal development or consensus programmes. 
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